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57 ABSTRACT 
A method for producing an integral titanium alloy arti 
cle having at least two regions, each region having a 
distinct microstructure, which comprises the steps of 

(a) providing a suitable mold for the article; 
(b) introducing a first titanium alloy into a first por 

tion of the mold; 
(c) introducing a second titanium alloy in powder 
form into a second portion of the mold; and 

(d) hot compacting the first and second alloys in the 
mold to produce a substantially fully dense article. 

The second alloy may be the hydrided version of the 
first alloy, or may have a different overall composition 
from the first alloy, or may be hydrided and have a 
different overall composition from the first alloy. 

13 Claims, 2 Drawing Sheets 
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1. 

METHOD TO PRODUCE TITANIUM ALLOY 
ARTICLES WITH HIGH FATIGUE AND 

FRACTURE RESISTANCE 

RIGHTS OF THE GOVERNMENT 
The invention described herein may be manufactured 

and used by or for the Government of the United States 
for all governmental purposes without the payment of 
any royalty. 

BACKGROUND OF THE INVENTION 
This invention relates to a method for producing an 

integral titanium alloy article having at least two re 
gions, each region having a distinct microstructure and 
mechanical properties. 
Metal fatigue is one of the major causes for failure of 

aerospace vehicles and gas turbine engines. The fatigue 
damage of all technical alloys is divided into two stages: 
fatigue crack initiation and fatigue crack propagation. 20 
In most alloys, the best resistance to fatigue crack initia 
tion is obtained when the material has a very fine micro 
structure. The best resistance to the propagation stage is 
associated with a relatively coarse microstructure. 

In the alpha--beta titanium alloys, the most crack 25 
initiation resistant microstructure is a fine equiaxed 
alpha structure, while the most crack propagation resis 
tant microstructure is associated with large groups or 
colonies of high aspect ratio alpha phase plates. 

Relatively thick alpha--beta alloy castings generally 30 
have a transformed beta microstructure, i.e., an alpha 
plate microstructure. Mill annealed wrought alpha--- 
beta titanium alloys generally have a microstructure 
which is a relatively coarse mixture of low aspect ratio 
alpha separated by a small amount of intergranuluar 35 
beta. Articles prepared by consolidation of prealloyed 
alpha+beta titanium alloy powder generally have a 
microstructure which is a mixture of high and low as 
pect ratio coarse alpha plates separated by a continuous 
beta phase. 40 
The microstructure of wrought, cast and powder 

metallurgy articles can be altered or refined by a variety 
of methods, including forging, beta-solution heat treat 
ment, annealing, hydrogenation/dehydrogenation, and 
the like. With forging, it is possible to locally refine 45 
microstructure, so that an article will have differing 
microstructures in different portions of the article 
through control of the amount of forging work. With 
other microstructures refining methods, it is generally 
either not possible or not feasible to refine the micro- 50 
structure of an article is selected locations. 
Vogt et al, U.S. Pat. No. 4,680,063 disclose that the 

microstructure of a forged titanium alloy article can be 
altered by a process comprising beta-solution heat treat 
ment, hydrogenation, cooling, dehydrogenation and 55 
cooling. Smickley et al., U.S. Pat. No. 4,505,764 disclose 
that the microstructure of cast titanium alloy articles 
can be refined by a method comprising hydrogenation, 
then dehydrogenation. Levin et al, U.S. Pat. No. 
4,655,855 disclose that the microstructure of prealloyed 60 
titanium alloy powder compacts can be refined by a 
method comprising beta-solution heat treatment, cool 
ing to room temperature, hydrogenating and dehydro 
genating. Yolton et al, U.S. Pat. No. 4,219,357 disclose 
a method for producing powder compacts having a fine 65 
grain size which comprises hydriding a titanium alloy 
powder, hot compacting the hydrided powder in a 
suitable mold, dehydriding the resulting article, reheat 
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2 
ing the dehydrided article to remove voids formed 
during dehydriding. 
While the methods briefly described above represent 

valuable contributions to the art, most have the draw 
back that the microstructure of the resulting article is 
uniform. Smickley et al disclose that the surface of 
castings can be modified by limiting the hydrogen par 
tial pressure or controlling the hydrogenation time at a 
given pressure to limit hydrogen addition to the surface 
regions. This method has the drawback that it would be 
difficult, if not impossible, to modify the microstructure 
of selected and isolated surface regions. What is desired 
is a method for producing a titanium allooy article hav 
ing at least two microstructures. In particular, what is 
desired is a method for producing a titanium alloy arti 
cle having one or more regions which are resistant to 
crack initiation and one or more regions which are 
resistant to crack propagation. 

It is, therefore, an object of the present invention to 
provide a method for producing titanium alloy articles 
having high fatigue and fracture resistance. 
Other objects of the invention will become apparent 

to those skilled in the art from a reading of the follow 
ing description of the invention. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is 
provided a method for producing an integral titanium 
alloy article having at least two regions, each region 
having a distinct microstructure, which comprises the 
steps of 

(a) providing a suitable mold for the article; 
(b) introducing a first titanium alloy into a first por 

tion of the mold; 
(c) introducing a second titanium alloy in powder 
form into a second portion of the mold; and 

(d) hot compacting the first and second alloys in the 
mold to produce a substantially fully dense article. 

In one embodiment of the invention, the second alloy 
is the hydrided version of the first alloy. 

In another embodiment of the invention, the second 
alloy has a different overall composition from the first 
alloy. 

In yet another embodiment of the invention, the sec 
ond alloy is hydrided and has a different overall compo 
sition from the first alloy. 

BRIEF DESCRIPTION OF THE DRAWING 

In the drawing, 
FIG. 1 is a top view of a gear wheel produced ac 

cording to the invention; 
FIG. 2 is a sectional view illustrating a section 

through 2-2 of FIG. 1 in a mold; and, 
FIG. 3 illustrates another method for making the gear 

shown in FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As discussed previously, the present invention pro 
vides a method for producing an integral titanium alloy 
article having at least two regions, each region having a 
distinct microstructure. The method, as well as the 
advantages of the invention are illustrated in the draw 
ing which illustrates a simple gear wheel. It should be 
understood that the method of the invention may be 
employed to fabricate more complex shapes, sucha 
turbine compressor wheels with integral blades, pump 
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impeller wheels and the like. In articles such as gears, 
turbine wheels and pump impellers, fatigue cracks initi 
ate at the outer surface and propagate into the hub 
section. Referring now to the drawing, FIG. 1 illus 
trates a gear wheel 10 consisting of a circular disk 12 
with a centered hole 14, for mounting gear 10 to a shaft, 
and a concentric gear ring 16 having a plurality of gear 
teeth 18 suitably spaced around the periphery of ring 16. 
The demarcation line 20 between disk 12 and ring 16 is 
for illumination only and would not be apparent in a 
finished gear wheel. The gear ring 16 has a fine equi 
axed alpha microstructure which is fatigue crack initia 
tion resistant while the disk 12 has a high aspect ratio 
alpha plate microstructure which is fatigue crack propa 
tation resistant. 

Referring to FIG. 2, the gear 10 is fabricated in accor 
dance with the invention by first providing a suitable 
mold. The mold may be a metal can, ceramic mold or a 
fluid die mold. The ceramic mold process relies basi 
cally on the technology developed by the investment 
casting industry, in that molds are prepared by the lost 
wax process. In this process, wax patterns are prepared 
as shapes intentionally larger than the final configura 
tion. This is necessary because in powder metallurgy a 
large volume difference occurs in going from the wax 
pattern (which subsequently becomes the mold) to the 
consolidated compact. Knowing the configuration 
aimed for in the compacted shape, allowances can be 
made using the packing density of the powder to define 
the required wax pattern shape. 

In the metal can technique, a metal can is shaped to 
the desired configuration by state-of-the-art sheet metal 
methods, e.g., brake bending, press forming, spinning, 
superplastic forming, etc. The most satisfactory con 
tainer appears to be carbon steel, which reacts mini 
mally with the titanium, forming titanium carbide when 
then inhibits further reactions. Fairly complex shapes 
have been produced by this technique. Allowance for 
packing of the powder is incorporated into the metal 
can, just as for the ceramic mold. 

In the present example, the mold is a can mold having 
a body 22 and a lid 24. Body 22 has a lip 26 for later 
sealing the lid 24 to body 22. It should be understood 
that the mold shown in FIG. 2 does not include allow 
ance for packing of the alloy powder used. 
A blank 12, such as a disk cut from a wrought cylin 

der or a cast piece, is placed, centered, in the mold body 
22. The mounting hole 14 may be drilled through the 
disk 12 prior to fabrication of the gear, as shown, or 
drilled after completion. The space 116 in the mold 
body defining the gear ring and gear teeth is filled with 
a titanium alloy powder. The mold is sealed, as by evac 
uating the mold, then placing the lid 24 on the body 22 
and crimping or welding the lid to the lip 24. 

In the metal can and ceramic mold processes, the 
powder-filled mold is supported in a secondary pressing 
medium contained in a collapsible vessel, e.g., a welded 
metal can. Following evacuation and elevated tempera 
ture outgassing, the vessel is sealed, then placed in an 
autoclave or other apparatus capable of isostatically 
compressing the vessel. Following consolidation, the 
gear is recovered from the mold using techniques 
known in the art. 
Titanium alloys which may be employed in the prac 

tice of this invention are the alpha--beta alloys. Exam 
ples of suitable alloys include Ti-6Al-4V, Ti-6Al-6V 
2Sn, Ti-8Mn, Ti-7Al-4Mo, Ti-4.5Al-5Mo-1.5Cr, Ti 
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In a presently preferred embodiment of the invention, 
the powder is hydrogenated to a level of about 0.1 to 4.0 
weight percent hydrogen, preferably about 0.5 to 1.5 
weight percent hydrogen, prior to use in the present 
invention. Any conventional technique may be used for 
producing hydrogenated titanium alloy powder. For 
example, bulk alloy articles can be hydrogenated to 
provide an embrittled article which can then be crushed 
to powder. Alternatively, hydrogenated titanium alloy 
powder may be produced according to the technique 
set forth in Cloran et al, U.S. Pat. No. 4,009,233, which 
comprises the steps of hydrogenating at least a surface 
portion of an alloy article, locally melting the hydroge 
nated portion in a hydrogen-containing atmosphere and 
cooling the droplets produced at a rate sufficient to 
form discrete particles. The powder material must be 
protected from oxidation and contamination during 
Storage. 

Consolidation of the titanium alloy powder is accom 
plished by applying a pressure of at least about 10 ksi, 
preferably at least about 30 ksi, at a temperature of 
about 450 to 1100 degrees C. for about 0.25 to 24 hours. 
Consolidation can be carried out using hot isostatic 
pressing (HIP), rapid omnidirectional compaction 
(ROC) or other known techniques. The preferred con 
solidation technique is that, such as ROC, which has a 
relatively short heat treating and cycle time. Regardless 
of the consolidation technique employed, it is important 
that the consolidation temperature be lower than the 
lowest beta-transus temperature of the alloy(s) used in 
order to retain the desired microstructure in the consoli 
dated article. Hydrogenated titanium alloy powder has 
a hydrogenated-beta-transus temperature generally 
about 100 to 300 degrees C. lower than the normal-beta 
transus temperature of an alloy. Thus, for example, if 
wrought Ti-6Al-4V, which has a normal, i.e., non 
hydrogenated beta-transus temperature of about 1000 
degrees C., is employed for the blank 112, and Ti-6Al 
4V powder hydrogenated to about 0.5 to 1.5 weight 
percent hydrogen, which has a hydrogenated-beta-tran 
sus temperature of about 760 to 870 degrees C, is em 
ployed to fill the space 116 in the previously described 
gear, consolidation would be carried out at a tempera 
ture below the hydrogenated-beta-transus temperature 
of the powder. In general, consolidation is carried out at 
a temperature about 25 to 100 degrees C. below the 
aforesaid lowest beta-transus temperature. Hydrogen 
will be retained in the compacted article since the mold 
24/26 is hermetically sealed. 
Following recovery of the consolidated article, it 

may be desirable, if a hydrogenated powder was em 
ployed to produce the article, to dehydrogenate the 
article. Dehydrogenation is accomplished by heating 
the article under vacuum to a temperature of about 200 
to 350 degrees C. below the normal beta-transus tem 
perature of the alloy. The time for hydrogen removal 
will depend on the size and cross-section of the article, 
the volume of hydrogen to be removed, the tempera 
ture of dehydrogenation and the level of vacuum in the 
apparatus employed. The term "vacuum' is intended to 
mean a vacuum of about 10 mm. Hg or less, prefera 
bly about 10 mm. Hg or less. The time for dehydro 
genation must be sufficient to reduce the hydrogen 
content in the article to less than the maximum allow 
able level. For the alloy Ti-6Al-4V, the final hydrogen 
level must be below about 120 ppm to avoid degrada 



4,828,793 
5 

tion of mechanical properties. Generally, about 15 to 60 
minutes of dehydrogenation temperature and under 
vacuum, is sufficient to ensure substantially complete 
evolution of hydrogen from the article. 

If the volume of hydrogenated powder is low in 
comparison to the total volume of the article, dehydro 
genation may not be required inasmuch as the hydrogen 
in the consolidated hydrogenated powder portion will 
diffuse into the non-hydrogenated portion(s) of the 
article. If the resulting overall hydrogen level is below 
the maximum allowable hydrogen level for the alloy(s), 
there is no need to subject the article to a dehydrogena 
tion step. 

FIG. 3 illustrates an embodiment of the invention 
wherein an article is fabricated entirely from titanium 
alloy powder. Referring to FIG. 3, a can mold 322 
having a lip 326 is provided with a removeable circular 
dam 328, which may be made of a polymer, as shown, 
or any suitable material. The dam 328 is centered in the 
mold 322. The space 330 inside the dam 328 is filled to 
a desired depth with a first titanium alloy powder, such 
as Ti-6Al-4V. The space 332 outside the dam 328, 
which defines the gear ring and gear teeth, is filled to a 
desired depth with a second titanium alloy powder, 
such as hydrogenated Ti-6Al-4V. The dam 328 is then 
carefully removed so as to leave the two powders rela 
tively undisturbed. The mold is then sealed and the 
contents consolidated as described previously. 

It is within the scope of this invention to fabricate an 
article as previously described with reference to FIG. 2 
using a solid blank together with a hydrogenated pow 
der wherein the blank and the powder are the same 
alloy, or as described with reference to FIG. 3, using 
hydrogenated and non-hydrogenated powders of the 
same alloy. It is also within the scope of the invention to 
employ two or more different titanium alloys, including 
their hydrogenated derivatives. 
Various modifications may be made in the present 

invention without departing from the spirit of the inven 
tion or the scope of the appended claims. 
We claim: 
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1. A method for producing an integral titanium alloy 

article having at least two regions, each region having a 
distinct microstructure, which comprises the steps of 

(a) providing a suitable mold for the article; 
(b) introducing a first titanium alloy into a first por 

tion of the mold; 
(c) introducing a second titanium alloy in powder 
form into a second portion of the mold; and 

(d) hot compacting the first and second alloys in the 
mold to produce a substantially fully dense article. 

2. The method of claim 1 wherein said second alloy is 
the hydrided version of said first alloy, said second alloy 
being hydrogenated to a level of about 0.1 to 4.0 weight 
percent hydrogen prior to introducing said second alloy 
into said mold. 

3. The method of claim 2 further comprising the step 
of dehydrogenating the resulting compacted article. 

4. The method of claim 2 wherein said second alloy is 
hydrogenated to a level of about 0.5 to 1.5 weight per 
cent hydrogen. 

5. The method of claim 4 further comprising the step 
of dehydrogenating the resulting compacted article. 

6. The method of claim 4 wherein said first alloy is 
Ti-6Al-4V and wherein said second alloy is hydroge 
nated Ti-6Al-4V. 

7. The method of claim 6 further comprising the step 
of dehydrogenating the resulting compacted article. 

8. The method of claim 1 wherein said second alloy 
has a different overall composition from said first alloy. 

9. The method of claim 8 wherein said second alloy is 
hydrogenated to a level of about 0.1 to 4.0 weight per 
cent hydrogen prior to introducing said second alloy 
into said mold. 

10. The method of claim 8 wherein said second alloy 
is hydrogenated to a level of about 0.5 to 1.5 weight 
percent hydrogen. 

11. The method of claim 9 further comprising the step 
of dehydrogenating the resulting compacted article. 

12. The method of claim 10 further comprising the 
step of dehydrogenatig the resulting compacted article. 

13. The method of claim 1 wherein said first and 
second alloys are compacted at a temperature lower 
than the lowest beta transus temperature of said first 
and second alloys. 
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